Abstract. Land degradation is already one of the major problems affecting the world. Land degradation by soil erosion is one of the most serious ecological problems and environmental issues in many sites of arid and semiarid regions. There has been an increasing concern regarding the semiarid highlands of Turkey that degradation of these ecosystems results in excessive soil erosion, ecosystem degradation, and loss of natural resources. This paper, therefore, explores the impact of land cover in a linkage to the soil erodibility indices and some soil properties of Koruluk (Gümüşhane-Turkey) dam watershed. Soil samples were taken from soil profiles opened in 78 sample pilots among the lands which border each other in the same altitude levels and same slopes on the andesite-basalt bedrock in the southern aspect group according to 0-10 cm and 10-20 cm depths. Sand, silt, clay, soil organic matter, dispersion ratio, erosion ratio, structural stability index, aggregate stability, clay dispersion ratio, field capacity, available water capacity, bulk density, total porosity, soil pH and electrical conductivity analyses were performed in soil samples. The results obtained about land cover were tested by variance analysis. The relationships between the selected soil characteristics were determined by correlation analysis. Degraded scotch pine forest soils were observed to be more susceptible to erosion compared to degraded oak forests and open space areas. Consequently, it was revealed that soils that developed from similar parent material in semiarid ecosystem and under all land covers were susceptible to erosion. The fact that the watershed supplies Koruluk dam built for irrigation water production makes these results quite significant. Agricultural activities are very important in the protection and continuity of the socio-economic situation of local people. The continuity of agricultural activities, in one respect, is associated with the availability of irrigation in this semi-arid region. Therefore, priority should be given to the necessary rehabilitation, planning and management studies in Koruluk dam watershed, and the results of this study should be considered.
Introduction
Soil erosion is an ecological, environmental, economic, social and serious problem. This not only causes land degradation and reduction of soil fertility but also significantly affects the public health and sustainable development in rural areas (Tang, 2004; Zheng et al., 2004; Jing et al., 2005) . Soil erosion is a natural process that continues depending on physiographic and climatic factors. However, it is the accelerated erosion that reduces soil fertility, decreases its quality, adversely affect water quality and management. Erosion can be accelerated through human activities. Surface mining, forestry, agriculture and construction are the major activities (Lal, 2001) .
The trigger for accelerated erosion in arid and semi-arid areas is loss of vegetation cover. This exposes soils to wind and water erosion, loss of soils decreases the potential for vegetation production. The end result is a decrease in the carrying capacity of the rangeland and productivity of forests. Despite being in arid and semi-arid areas the erosion is largely a result of infrequent but heavy rainfall events. The erosion of soils exacerbates soil degradation. Soil quality decreases along with the erosion, especially structural units become weakened. In others, erosion may lead to decline in soil quality and set in motion the degradative trend. Soil erosion can be a manifestation of soil degradation because it involves physical removal of soil in a vertical and/or horizontal direction and degrades soil quality (Lal, 2001 ). Soil physical processes involve decline in soil structure leading to an increase in bulk density, decrease in total and macroporosity reduction in infiltration, increase in runoff, and exacerbation in erosion by water and wind.
Turkey is one of the countries that are most affected by erosion and are susceptible to land/soil degradation and drought because of its geomorphological structure, physiographic, edaphic and climatic characteristics. Sediment occurring in active erosion areas leads to major flooding, drainage and deposit losses in stream beds, baseagricultural lands, dams and reservoirs by accumulating. The reservoirs and dam built with big investments lose their function due to the runoffs and the soil material moved by the rivers and are in danger of being inactivate before their economic life. About 65 of the total area of Turkey has a semi-arid and arid characteristic (ÇEM, 2011). Drinking and potable water needs in arid and semi-arid regions are met by the dams and reservoirs. Arid and semiarid areas are considered fragile environments where vegetation cover is scarce and where soil erosion processes occur rapidly and severely after rainfall events fall in these areas. However, even under those conditions, the importance of native vegetation is very significant in the regulation of surface hydrological processes.
Land cover affects the occurrence and the intensity of runoff and soil erosion (Chen et al., 2001 ; Wei et al., 2007) . Proper management of land cover patterns may greatly improve soil properties, leading to reduced soil erosion to the recommended threshold limits (Fu, 1989; Chen et al., 2003) . Improved physical soil characteristics can also positively affect the establishment of vegetation (Kosmas et al., 2000) . Land cover systems might lead to changes in a number of soil characteristics and soil erosion processes (Bao-hua et al., 2003; Costa et al., 2003) .
Four dams and four reservoirs were established in Gümüshane region where the study was conducted. Koruluk dam watershed, one of these dams, has become susceptible to erosion and deterioration by the destruction of vegetation cover by local people as well as the effect of geomorphological and climatological characters. Being aware of erosion trends, physical and chemical characteristics of watershed soils is quite important for the rehabilitation works to be conducted in these areas and measures to be taken.
The aim of this study is to investigate the hydro-physical characteristics and some erosion trends of Koruluk Dam watershed soils in Gümüşhane-Şiran region which is located in semi-arid region in Turkey's Eastern Black Sea Region depending on land cover changes.
Material and method

Study area
Study area is located in Gümüşhane province in northeast of Turkey. Koruluk dam, which was built for irrigation, is located in the northern part of Gümüşhane-Şiran district and is 7 km away from there ( Fig. 1) .
Figure 1. Location of study area
The construction of the dam was carried out between 1990-2005. The lake area is 0.7 km 2 in normal water elevation. Total irrigation area of the dam used for for the irrigation of agricultural areas near the dam is 3447 ha. Erenkaya, Şiran, Çal, Söğütalan, Örenkale, Sarıca, Koyunbaba, Günbatur and Bilgili villages benefit from Koruluk dam fed by Ceviz stream for irrigation.
In the study area, eocene aged andesite-basalt volcanic rocks are surfaced (Baykal, 1952) . The data of Kelkit meteorological station close to Şiran district were used in determining the climatic type of the study area. According to Thornthwaite climate analysis, the study area has a climatic type which is "close to the continental climate with little or no excess water semi-arid at low temperature (microthermal) indicated by DC'2db'2" symbol". Some climate data according to Thornthwaite method were given in Table 1 . 
Soil sampling and analyses
Sample pilots were taken from on soils developed from volcanic rocks and from south aspect. Average slopes and altitudes of the sample pilots are close to each other ( Table 2 ). Işık (2016) . The soil was sampled at two different depths: 0-10 cm (surface layer) and 10-20 cm (subsurface layer). Statistical analyses and assessments were carried out for surface layer, subsurface layer and average of profile (0-10 cm, 10-20 cm depths and 0-20 cm depth).
Particle size distribution (2-mm) and soil organic carbon (0.5 mm) were determined using disturbed soil samples using the Bouyoucos hydrometer method (Bouyoucos, 1962; Gülçur, 1974 ) and the modified Walkley-Black wet oxidation procedure, respectively. Soil organic matter (SOM) was calculated by multiplying soil organic carbon by 1.72 (Nelson and Sommers, 1982; Arp, 1999) . Soil pH were measured using the procedures outlined by Arp (1999) and Page et al. (1982) , for bulk density (BD) and total porosity (TP) by Blake and Hartge (1986) and Danielson and Sutherland (1986) . Dispersion ratio (DR) was determined according to the methods described by Middleton (1930) . The clay and silt fractions obtained by chemical dispersion were taken as total clay (TC) and total silt (TS), while water dispersible clay (WDC) was obtained as above except that no chemical dispersant was used. Colloid-moisture equivalent ratio (C-MER) and erosion ratio (ER) (Özhan, 2004) , available water capacity (AWC) (Karaöz, 1989) , aggregate stability (AS) (Le Bissonnais, 1996) and structure stability index (SSI) (Leo, 1963) were also determined.
Statistical analyses
Analyses of variance (ANOVA) were performed to determine the effects of land cover on the chemical and hydro-physical properties of the soil. Significant differences between variables were determined by Student-Newman-Keuls test. Correlation analysis was used to determine relationships between erodibility indices and hydrophysical properties of soils. Statistical analyses were performed using SPSS (2011).
Results
The change of average of the soil samples taken from two depth levels of soil profiles (0-10 cm and 10-20 cm and 0-20 cm) according to land cover was tested by analysis of variance. The selected soil characteristics of Koruluk dam watershed soils are statistically different compared to land cover (p < 0.05 and p < 0.001) (Tables 3, 4, 5) . The soils collected from different land covers showed significant difference (p < 0.001) with respect to average SOM content open space areas had the highest content of soil (2.22%) followed by degraded oak forest (2.01%), while the level of SOM in degraded scotch pine forest was very low (1.30%) ( Table 5) .
There is no difference between land covers in terms of BD values. Degraded scotch pine forest soils have the highest average BD values (1.18 g/cm 3 ) in terms of BD average values ( Table 5 space area and degraded scotch pine forests, degraded oak forest soils are similar with open space area soils and different from degraded scotch pine forest soils. DR from erodibility indices is greater than the limit value of 15 in soils under every three land covers. The highest DR values were found in degraded scotch pine forest soils and also the soils under this land cover are susceptible to erosion. However, degraded scotch pine forest soils are more susceptible to erosion. The study area soils vary according to land cover in terms of average DR values ( Table 5) . ER values of soils are greater than the limit value of 10 in areas under all land cover, and soils were observed to be more susceptible to erosion in terms of this erosion index value. The highest average ER value was found in degraded oak forest soils ( Table 5 ). No statistical difference was found according to land cover types in terms of the average ER values of soils. Although there was no difference in soils taken from the surface layer, ER values of subsurface layer were statistically different. All land covers are susceptible to erosion because its C-MER values are lower than the limit value of 1.5. C-MER values are statistically different; and open space area soils are present in two groups as separately with degraded scotch pine forest soils and degraded oak forest soils ( Table 5) . DR values are at the highest level in degraded scotch pine forest soils with the lowest clay+silt amounts (%17.5), and at the lowest level in open space area soils with high clay+silt amounts (%22.7) ( Table 5 ). Relationships between some soil properties of 0-20 cm depths as the average of two depths (0-20 cm, 10-20 cm) and hydro-physical characteristics were tested by correlation analysis. In the correlation analysis carried out among soil properties selected in the study area which was susceptible to erosion, significant positive relationships were observed between SSI values and soil pH, SOM, C-MER, silt and clay amounts, and significant negative relationships were observed between DR, ER, BD and sand amounts ( Table 6) .
Statistically significant and important relationships were found between the aggregate stabilities of the study area soils and some soil characteristics ( (Oades, 1988; Cerda, 1996) . Indeed, organic matter content of 60% of soil samples which is the subject of the research is lower than 2%, and the aggregate stability of this land is relatively low. Therefore, it can be said that watershed soils are quite susceptible to erosion. Open space area and degraded scotch pine forest soils are similar in terms of soil reaction and more acidic than degraded oak forest soils. This situation may have emerged as a result of further leaching of open space area and degraded scotch pine forest soils. This will be understood when soil pH at surface layer and subsurface are compared (Tables 3, 4, and 5) . Reasonably higher pH of the degraded scotch pine forests was primarily due to presence of base cations (Ca ++ , Mg ++ , K + and Na + ) associated in the soils. The fact that the oak litter had a slightly acid character and that the clay colloids in the soil (the average clay content is higher in degraded oak forest soils) adsorbed the base cations affected the high soil pH in degraded oak forests compared to other lands. Because the potential evaporation in the region is higher than the amount of rainfall, the water entering the soil during rainy season moves downwardly for a while ( Table 1) . With the start of the arid period, the deep water moves the dissolved salts to topsoil layers by evaporating and can increase the pH of the topsoil. This is even more evident in degraded oak forests where the average land slope and altitude are low. Acidity increases in the top layer in open space area soils as a result of root respiration of intense herbaceous plants. Soil pH is lower in degraded scotch pine forest soils due to acidic origin litter compared to degraded oak forest soils.
Although (Balcı, 1996) and has a considerable impact on erosion trends. Clay content of the soils checks the structural stability of the soil (Gollany et al., 1991; Payne, 1992) . In case of a decrease of structural stability and structural strength of the soil, soils undergo physical degradation (Sahani and Behera, 2001 ). The average clay content of Koruluk dam watershed are in degraded scotch pine forest, open space areas and degraded oak forest soils, respectively, including 9.6%, 11.6% and 13.2%. It is reported that land cover is effective on the clay content (Okatan et al., 2010; Yılmaz et al., 2015) and that the soils with clay content ranging between 9-30% are more susceptible to erosion (Nkana and Tonye, 2003) . The clay content of the majority of soils in the research area remains in these ranges (2.7-36.0%), and soils under all land covers were found to be susceptible to erosion. All land covers showed more clay in the lower depth (10-20 cm) compared to the upper soil. While passing from top depth to lower depth, clay content increased in degraded oak forests by 20% and in open space areas by 35% (Tables 3 and 4) . It decreased in degraded scotch pine forest by about 8%. The increase in clay content in open space area and degraded oak forests and decrease in degraded scotch pine forest when going down from land cover on the same parent material and the same aspect to the lower depth levels in soil profiles can be explained in two ways. Firstly, litter decomposition is slow as the average altitude of degraded scotch pine forests is higher. In this case, lesser amount of water can enter the soil, and the movement of fine material in the soil could not take place. Second one is the decrease of decomposition reactions in the soil depending on the altitude as going down to soil depths. In open space areas and degraded oak forests, the presence of a layer that can transmit the soil by absorbing water that can reach on the soil especially in winter and spring seasons with abundant precipitation allowed the movement of clay from top soil to the lower soil in these areas, even if just a bit. Again, in the areas on these two land covers, SOM amount in the topsoil facilitated the movement of clay to sub soils by increasing soil permeability. areas are less than degraded scotch pine forests is effective in increasing the amount of water that can enter into soil. In semi-arid and arid regions with low degree of coverage of the vegetation such as the research area, soil erosion trends can significantly be affected by physiographictopographical features which are effective in the formation and development of soil, and the land cover. Within the scope of the study, the erosion trend values of soils developing under similar climatic conditions in the same parent material were found to be different. Probably, these differences resulted from the factors such as land cover type, altitude and land slope degree. These factors changed the other soil characteristics such as pore volume, BD and AS of the soil due to the mechanical composition of the soil. Pore size distribution and connectivity together with BD, aggregation and AS is important soil property that can be to a great extent influenced by the land degradation and soil erosion.
Degraded scotch pine forest soils had higher BD than the adjacent soils under degraded oak forests and open space areas for the average of two different depths. BD was generally higher in subsurface than surface soils ( Table 5 ). This situation is more obvious in soil profiles taken from open space areas and degraded oak forests. A decrease occurred in BD with the accumulation of clay moved from top soil in sub soil horizons (10-20 cm). In degraded scotch pine forests, the BD remained approximately same as there was no significant change between the clay and silt content, amount of SOM, total porosity of the top soils with sub soils. Table 6 ).
The total porosity of degraded scotch pine forest soils that was more susceptible to erosion remained the lowest. Water erosion and soil loss are expected to be less in open space area and degraded oak forest soils with high pore volume, and soil losses are expected to be more in degraded scotch pine forest soils with low pore volume. The low total porosity and low amounts of organic material of degraded scotch pine forest top soils (0-10 cm) may increase soil loss. In other words, it is remarkable that the aggregate stability of degraded oak forest soils with higher erosion potential in terms of some parameters than open space area soils was found to be higher. It is thought that the fact that soil reaction (soil pH) was higher in degraded oak forest soils influenced high AS values. The increase in soil reaction decreases the clay dispersion (Amezketa and Araqües, 1995; Lipiec et al., 2018), therefore, increases the aggregate stability. The main factors affecting the clay dispersion and clay clotting in the soil are the electrolyte concentration (EC), solution pH and sodium adsorption ratio (Shainberg and Letey, 1984; Suarez et al., 1984) . Low electrolyte concentrations increase the clay dispersion and adversely affect the soil structure. It is well known that low electrolyte concentrations have adverse effects on hydraulic conductivity and infiltration ratio (Shainberg et al., 1987; Quirk, 1986 The clay+silt amounts of soils affect the erosion resistance since they are effective on SOM and water holding capacity. DR, one of the most important erodibility indicators, varies between 13.1 and 71.7. There are studies in which the DR values change between 13-69 (Igwe, 2003) and 26-95 (Korkanç, 2003) .
Results of this study indicated that dispersion ratios varied according to the land cover (p < 0.05). Soils of the open space area had a smaller and significant DR than rest of the soils developed from the other land covers, which had statistically similar values. On the other hand, having DR on greater than %15, all land covers produced soils susceptible to water erosion.
In addition to these erodibility indices, SSI values are also used for the structural stability of soils. SSI values is an indicator of stable soil aggregates and thus higher SSI values, better will be the soil structure and higher will be the stable soil aggregates (Rudramurty et al., 2007) . Structural stability has been used to evaluate the sensitivity of soils to erosion (Darboux and Le Bissonnais, 2006) . The soils with the structural stability value of less than 40% are classified as strongly erodible soils, and the soils with higher structural stability value are classified as moderately erodible soils (Leo, 1963) . Based on these erosion indices values, the study area soils are in the strongly erodible soils. SSI value is maximum in open space area soils by 15.43 and minimum in degraded scotch pine forest soils by 10.54 . SSI values were found to be statistically different according to land covers. Open space area and degraded oak forest soils are similar, and degraded scotch pine forest soils are different ( Tables 3, 4 and 5). It is well established that addition of SOM can not only reduce BD and increase water holding capacity and soil structure stability (Mikha et al., 2006) . The fact that the structural stability index values of soils were found to be very low may be due to the low organic matter and clay content of the soil. SOM and clay content are the main abiotic binding agents in the formation and stabilization of aggregates (Tisdall and Oades, 1982 . The SOM of 60% of study area soils were found to be lower than 2%. These low values in SOM may adversely affect the AS. Kay and Angers (Kay and Angers, 1999) stated that a minimum of 2% SOC was necessary to maintain SSI and observed that if SOC content was between 1.2-1.5%, stability declined rapidly. In case of higher amounts of SOM, an increase can be expected in the SSI. Boix-Fayos et al. (2001) showed that a threshold of 3-3.5% SOC had to be attained to achieve increases in AS; no effects on AS were observed in soils below this threshold.
The clay contents of the soil are considered to be more effective on the increase or decrease of structural stability index in soils with higher amount of organic matter than this threshold value. In the studies carried out by Yılmaz et al. (2015, 2008) , the structure stability indices of the soils with clay amount ranging from 8.5% to 15.7% varied between 14.5 and 25, the structure stability indices of the soils with clay amount ranging from 40.6% to 47.8% varied between 41.0 and 50.9. It is reported that SSI values of the soils of different land covers with average amount of clay ranging from 17.8% to 22. 
Conclusions
The land cover has been destroyed in Koruluk dam watershed which was built to meet the irrigation water needs of the local community on Ceviz stream (Gümüşhane-Şiran). It was determined that degraded oak forest, degraded scotch pine forests and http://www.aloki.hu • In all study area, watershed lands are faced with effective erosion because they lack the protective vegetation cover. Active erosion in watershed lands threatens the economic life of dam reservoir and surrounding irrigation reservoirs. Protective vegetation cover should be created in areas close dam reservoir and residential areas by means of performing afforestation with the types such as rose hip and mayflower that will yield money for the local people and with oak in higher altitudes, and by grassing open spaces with appropriate types (such as Trifolium repense, Trifolium pratense, Dactylis glomerata, Festuca drymeja, Onobrychis sativa, Lolium perenne, Lotus corniculatus and Bromus inermis). If lands susceptible to erosion in the dam watershed are not restored with a continuous vegetation cover, dam reservoirs will complete their economic life in a shorter time due to the soil erosion that will occur. This study scientifically revealed that natural vegetation has significant effects on local water, soil conservation and ecological restoration management in a semi-arid ecosystem.
Further research is needed to determine the degree of improvement that vegetation can play an important role on soil porosity, bulk density, soil infiltration, soil structural properties (structural and aggregate stability) and soil erodibility indices. In this study area, the relationship between the function and the structure of the artificial vegetation should also be one of the focus points of future research.
